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1	Introduction 

The objective of introducing the feature of inter-band UL CA/DC with simultaneous 1Tx transmission in one band (TDD or FDD) and 2Tx transmission in the other band (TDD) for UL MIMO or Tx diversity has been included in a Rel-18 work item on “Low NR band 4Rx and 3Tx” approved in RAN #98-e meeting [1]. On the Rx requirement (mainly the REFSENS exceptions) side for the intended 3Tx band combinations, the main controversial point is on whether the existing PC2 MSD requirements for 2Tx can be reused for the same combination with 3Tx, which has been documented in the two approved WFs in last two RAN4 meetings [2,3]. Though in last RAN4 meeting it has been agreed that no harmonic MSD needs to be analyzed as the aggressor UL is only in the 1Tx band for all the intended band combinations in the WID, for other MSD mechanisms where the aggressor UL is in the 2Tx band, such as Rx harmonic mixing, cross-band isolation, and 2UL IMD, further analysis is needed before the decision on whether it is necessary to specify new MSD requirements [3]. In this contribution, we provide our analysis for Rx harmonic mixing, cross-band isolation, and 2UL IMD based on certain probably RF architectures for the concerned band combination with both 2Tx and 3Tx implementations.                      
2 Discussion

2.1	Rx harmonic mixing 

For harmonic mixing analysis, only aggressor UL with 2Tx would be of concern. We use CA_n41A-n77A as the example band combination where n77 UL 2nd harmonic can be mixed down by n41 Rx LO 3rd order harmonic to cause n41 DL REFSENS degradation. The power class for n77 is PC2 where 2Tx implementation was assumed with two 23dBm PAs. Figure 2-1 shows the UE RF architectures for both (1Tx n41 – 1Tx n77) and (1Tx n41 – 2Tx n77) where n41 and n77 was assumed with shared antenna.

There are two major coupling paths for n77 UL 2nd harmonic to n41 Rx inputs, one via direct signal path including antenna coupling as highlighted in color blue, where the interfering signal will pass through all the filtering components, including n77 bandpass filter, diplexer, and n41 bandpass filter. The other via PCB coupling, as highlighted in color red. The UL 2nd harmonic interference to n41 Rx inputs is expected to be dominated by the PCB coupling path as the interference via direct signal path would be heavily attenuated by all the filtering components.

While there may be subtle difference on the PCB coupling factor from n77 PA output(s) to n41 Rx inputs between (1Tx – 1Tx) and (1Tx – 2Tx) implementations, it would not be feasible to quantify a definite difference among all the PCB coupling paths as they are highly implementation dependent. Therefore, the most reasonable assumption is to apply the same coupling factor for all the PCB coupling paths. Under this assumption, the UL 2nd harmonic interference power to n41 Rx inputs would not be different between (1Tx – 1Tx) and (1Tx – 2Tx) implementations with another reasonable assumption that the 2Tx UL 2nd harmonic interferences are uncorrelated. As a result, the calculated MSD is also expected to be the same between the two implementations.
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Figure 2-1 CA_n41-n77 UE RF architectures for 2Tx and 3Tx implementations

Observation 1: For CA_n41A-n77A, Rx harmonic mixing is dominated by PCB coupling.

Observation 2: It would not be feasible to quantify a definite coupling factor difference among all the PCB coupling paths as they are highly implementation dependent.

Observation 3: By assuming a common PCB coupling factor for all coupling paths and 2Tx UL 2nd harmonic interferences are uncorrelated, the calculated MSD is expected to be the same between the 2Tx and 3Tx implementations. 

Proposal 1: For Rx harmonic mixing, the 2Tx MSD can be reused for 3Tx for the same band combination and same power class in aggressor UL.

2.2	Cross-band interference 

For cross-band interference, only aggressor UL with 2Tx would be of concern. We use the same example band combination CA_n41A-n77A above for the analysis as this combination is also subject to cross-band interference where either n41 or n77 can be aggressor UL band. The UE RF architectures with 2Tx and 3Tx implementations can be referred to Figure 2-1 where n77 is the concerned aggressor UL band. The similar analysis can also be applied to n41 as the concerned aggressor UL band.

Unlike Rx harmonic mixing case, the direct signal path would dominate the cross-band interference as n77 bandpass filter combined with diplexer does not provide much Tx sideband noise rejection as compared to PCB isolation. The MSD analysis can be similar to RSD (Reference Sensitivity Degradation) analysis for PC2 FDD bands between 1Tx and 2Tx implementations where 2Tx RSD in general is worse than 1Tx due to that both main path and diversity path are equally impacted by Tx noise. However, this observation is only apparent when the victim band is implemented with 2Rx. In this example band combination, 4Rx is mandated to be supported by n41. Under 2Tx implementation in n77, the two n41 diversity paths with less Tx noise impact on account of additional antenna isolation would help dilute the 2nd Tx noise impact to the n41 2nd diversity path. As a result, the MSD due to 2Tx aggressor UL is expected to be slightly worse than 1Tx aggressor UL, but not by much. For victim band with 2Rx implementation, the MSD may have to be analyzed case-by-case.

Observation 4: For cross-band interference, the direct signal path would dominate the Tx noise contribution.

Observation 5: The cross-band interference MSD analysis can be similar to RSD analysis for PC2 FDD bands between 1Tx and 2Tx implementations.

Observation 6: 2Tx aggressor MSD in general is worse than 1Tx due to that both main path and diversity path are equally impacted by Tx noise. However, this observation is only apparent when the victim band is implemented with 2Rx.

Observation 7: For cross-band interference with 2Rx in victim band, the MSD may have to be analyzed case-by-case.

Proposal 2: For cross-band interference, MSD can be reused for victim band with 4Rx. For victim band with 2Rx, the MSD may have to be analyzed case-by-case.

2.3	2UL IMD 

For 2UL IMD analysis, we use DC_3A_n78A as the example band combination where UL DC_3A_n78A IMD2 can potentially impact B3 DL carrier. In this band combination, though n78 can either be PC3 or PC2, under 2UL IMD test configuration, both B3 UL and n78 UL are set to 23 dBm. Figure 2-2 shows the UE RF architectures for both (1Tx B3 – 1Tx n78) and (1Tx B3 – 2Tx n77) where B3 and n78 was assumed with shared antenna.
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Figure 2-2 DC_3A-n78A UE RF architectures for 2Tx and 3Tx implementations

There are several RF components where impactful IMD2 can be generated, including antenna switch (not shown in the diagram), diplexer, n3 and n78 PAs, and n3 LNA. Based on our analysis, the most dominant mechanism is from PA forward mixing where the signal coupling paths are highlighted in red color.

The PC2 MSD for (1Tx B3 – 1Tx n78) was calculated to be around 31.6 dB and 35.4 dB for (1Tx B3 – 2Tx n78). The reason 3Tx implementation is subject to higher MSD for this combination is that the B3 diversity path is impacted by higher IMD2 power than the 2Tx implementation due to that the IMD2 generated in the 2nd n78 PA is via lower loss coupling path to B3 diversity Rx input as compared to via antenna isolation from main path. On the other hand, if the diplexer and n78 filter total rejection at B3 DL range can be improved, the MSD difference between (1Tx B3 – 1Tx n78) and (1Tx B3 – 2Tx n78) can also be reduced, as shown in Figure 2-3.       

[bookmark: OLE_LINK1]Observation 8: For DC_3A_n78A, the 3Tx implementation is subject to higher PC2 IMD2 MSD than 2Tx implementation (35.4 dB versus 31.6 dB)

Observation 9: For DC_3A_n78A, the PC2 IMD2 MSD difference between 2Tx and 3Tx implementations can be reduced if diplexer and n78 filter total rejection at B3 DL range is improved.
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Figure 2-3 DC_3A-n78A PC2 IMD2 MSD with 2Tx and 3Tx implementations

Proposal 3: For 2UL IMD, the PC2 MSD may have to be analyzed case-by-case for 3Tx implementation.

3	Conclusion

In this contribution, we provide our analysis for Rx harmonic mixing, cross-band isolation, and 2UL IMD based on certain probably RF architectures for the concerned band combination with both 2Tx and 3Tx implementations.

Observation 1: For CA_n41A-n77A, Rx harmonic mixing is dominated by PCB coupling.

Observation 2: It would not be feasible to quantify a definite coupling factor difference among all the PCB coupling paths as they are highly implementation dependent.

Observation 3: By assuming a common PCB coupling factor for all coupling paths and 2Tx UL 2nd harmonic interferences are uncorrelated, the calculated MSD is expected to be the same between the 2Tx and 3Tx implementations. 

Proposal 1: For Rx harmonic mixing, the 2Tx MSD can be reused for 3Tx for the same band combination and same power class in aggressor UL.

Observation 4: For cross-band interference, the direct signal path would dominate the Tx noise contribution.

Observation 5: The cross-band interference MSD analysis can be similar to RSD analysis for PC2 FDD bands between 1Tx and 2Tx implementations.

Observation 6: 2Tx aggressor MSD in general is worse than 1Tx due to that both main path and diversity path are equally impacted by Tx noise. However, this observation is only apparent when the victim band is implemented with 2Rx.

Observation 7: For cross-band interference with 2Rx in victim band, the MSD may have to be analyzed case-by-case.

Proposal 2: For cross-band interference, MSD can be reused for victim band with 4Rx. For victim band with 2Rx, the MSD may have to be analyzed case-by-case.

Observation 8: For DC_3A_n78A, the 3Tx implementation is subject to higher PC2 IMD2 MSD than 2Tx implementation (35.4 dB versus 31.6 dB)

Observation 9: For DC_3A_n78A, the PC2 IMD2 MSD difference between 2Tx and 3Tx implementations can be reduced if diplexer and n78 filter total rejection at B3 DL range is improved.

Proposal 3: For 2UL IMD, the PC2 MSD may have to be analyzed case-by-case for 3Tx implementation.
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